Background: The feasibility of using the SF-36 in non-Western cultures is important for researchers seeking to understand cultural influences upon health status perceptions. This paper reports on the performance of the Taiwan version of the SF-36, including the implications of cultural influences.
Background
The health outcomes of a population can be measured in terms of etiology and pathogenesis. Nevertheless, welldeveloped health outcome measurement systems have expanded the measurement of health beyond the classical endpoints of mortality and morbidity in clinical practice [1, 2] . Health-related quality of life has emerged as the new reflection of modern medicine as viewed from biopsychosocial perspectives. With the fast growth in health care expenditures, this concept has been increasingly used as an important attribute in patient care and clinical studies as well as health economic evaluations [3] .
Over the past 20 years, health status measures have been widely applied in different medical fields such as oncology, cardiology, arthritis, and psychiatry [4] . Health researchers have begun to evaluate whether common standardized health status measures are technically and conceptually equivalent for various socio-cultural groups. Hence, there is an increasing need for international standards to measure health status in a manner that allows comparisons across countries, but which also are relevant within individual cultures. In particular, the well-recognized differences between Western and Eastern cultures may well be reflected in health status measurement results.
Encountering diversified cultural backgrounds, researchers hence have to take even more cautious steps in translating well-established standard instruments in Asia [5] . Extensive psychometric testing is also required for the translated instruments. Amongst those instruments which have become standard in the health status field, the SF-36 is one of the most widely accepted, extensively translated and tested instruments around the world. The International Quality of Life Assessment (IQOLA) Project was formed in 1991 and has developed a standard protocol for translating and psychometrically testing the SF-36 in different language versions [6, 7] .
As one aspect of health status assessment is to measure an individual's physical and mental state, respondents are often sensitive to wording which reflects differences in ethnicity and culture, even if the language used is the same in a broad sense. English and Chinese provide good examples of this. Although most of the words are similar, there are US English and U.K. English versions of the SF-36 Health Survey, reflecting linguistic differences in the two cultures. Similarly, the IQOLA Project has collaborated on the development of several Chinese versions of the SF-36 Health Survey. The published Chinese versions are for the US Chinese population [8] and Hong Kong (the HK translation is being used in some other Southeast Asian countries) [9] . Results of psychometric testing of these Chinese versions suggested that scaling assumptions were generally met and conceptual equivalence was achieved in comparison with forms using Western languages. However, both Chinese-American studies reported less satisfactory psychometric results for the mental health and vitality scales, as evidenced by high correlations between items in both scales. These results suggest that health-related quality of life (HRQOL) measures may need to be interpreted within a cultural framework.
Although these studies have begun to address the need for different versions of Chinese health surveys, one issue is that the samples used in these studies (either Chinese Americans or Hong-Kong Chinese) have been somewhat adapted to Western cultures from an ecological point of view. Thus, results of those studies may be influenced by a mixture of Chinese and Western cultures. Within a cultural framework, people in Taiwan are more influenced by Chinese culture than Western ones as a legacy of historical and political developments. Thus, the Taiwan population provides a distinct culture with which to address influences of Chinese cultural factors upon QOL measures. In this paper, we document the adaptation process of the SF-36 for use in Taiwan, by presenting the translation process for the SF-36 Taiwan version and the results of psychometric tests performed on three different groups. The implications of these results are then discussed within a cultural framework.
Methods

Design and Sample
The standard Taiwan version of SF-36 was administered to a total of 1,191 volunteered subjects who participated in three studies of health status surveys. The mean age of all the respondents was 28.2 (S.D. = 14.2) years; 64% were female. The first sample contained data from 614 freshmen students in one private university (mean age = 18.3, S.D. = 0.66; 46.9% female), who responded to the SF-36 Taiwan version (among other scales) in a screening survey of psychological well-being. The second was based on a study that examined the impact of organizational factors upon health. A total of 501 employees of a medical institute were approached and among them 491 employees (mean age = 34.9, S.D. = 10.06; 85.9% female) returned valid SF-36 data for analysis. The third was a group of 76 elderly people taking part in a study on the effects of TaiChi practice upon physical strength and balance (mean age = 65.9, S.D. = 5.43; 60.5% female). After excluding questionnaires with invalid data, a total of 1181 SF-36 profiles were available for analysis.
In the student sample, an additional questionnaire, the "Stress Coping Inventory", was administered to test the criterion validity of the mental health dimension in the translated SF-36 version. A total of 569 students returned valid data for this analysis.
Measures
SF-36 Health Survey
The SF-36 measures eight health concepts: physical functioning (PF), role limitations due to physical problems (RP), bodily pain (BP), general health (GH), vitality (VT), social functioning (SF), role limitations due to emotional problems (RE), and mental health (MH), which were selected from the Medical Outcomes Study (MOS) inventory [10] . During its development, extensive and thorough psychometric testing was performed not only on the general population but also on diverse disease groups, and comparisons with other established instruments were also made [11, 12] . Before the development of the SF-36 Taiwan standard version in 1996, there were a few researchers who had independently translated the SF-36 into Mandarin, the official language used in Taiwan. The translators of three versions were native Mandarin speakers with a fair amount educational training in the US; most possessed doctoral degrees from major US universities. The first stage of the development of the SF-36 Taiwan version was to reconcile the three existing versions into one single version. All translators and some experienced users of the SF-36 (US version) were invited to discuss the three versions in a coordination meeting. All participants in the meeting were asked to review the three translated versions and agree on the final translation item by item. The criteria of agreement were based on clarity (is it clear?), common language use (is it easy to understand?) and conceptual equivalence (is the concept measured in original US-English version captured?). In terms of common language use, the convenience of reading the translation into the local dialect, Taiwanese, was especially taken into consideration because Taiwanese is more commonly used in older populations. As an example of conceptual equivalence, the list for moderate activities in item 3 b was slightly modified to substitute "playing Tai-Chi" for "playing golf", since golf is not a common sport among the general population of Taiwan. Other activities were changed with equivalent concepts included "pushing a vacuum cleaner" in item 3 b ("mopping the floor" is used instead) and units for distance (e.g. kilometer is used to substitute for miles) in item 3 g.
After the consolidated version was developed, it was evaluated by a focus group, which was composed of experts in the fields of public health, psychology, psychometrics, nursing, social work and family medicine. In the focus group meeting, members reviewed the questionnaire item by item and evaluated the consolidated translation, based on their training and expertise. Modifications were made when it was deemed necessary, and the members agreed upon a second consolidated version which was then backward translated into English. The Principal Investigator for the Taiwan team and the IQOLA project director had an extensive discussion on problematic items and response choices. The Taiwanese SF-36 standard version then was produced and ready to be field tested.
Stress Coping Inventory
The Stress Coping Inventory was developed by Chen and Wu (1987) [13] , based on the bio-psychosocial model. It aims to investigate how personal resources influence the mental health outcome of stress coping among university students. The questionnaire includes 52 items and has two parts: evaluation of individual resources for stress coping and investigation of various psychological symptoms. Higher scores in the resources dimension represent persons with more resources (either personal or social) to cope with stress. On the contrary, higher psychological symptoms mean worse mental health. Personal resources are composed of three subscales, namely "self-esteem," "friendship support," and "family support". Two subscales labeled as "anxiety reaction" and "depression reaction," were related to psychological symptoms. The questionnaire has acceptable internal consistency (Cronbach's α ranged from 0.74 to 0.95).
Data Analysis
Psychometric analyses included tests of assumptions underlying the construction of SF-36 scales, analysis of principal components to test the hypothesized structure of the SF-36, and tests of construct validity using criterionbased and construct approaches. Following the IQOLA procedure, the Multitrait Analysis Program-Revised (MAP-R) for Windows was used to test whether the scores satisfied summated-rating scaling assumptions [14] . Assumptions underlying the scoring of SF-36 data from each of these studies were evaluated to determine if it was appropriate to use the method of summated ratings to score the SF-36 scales, following standard SF-36 scoring algorithms [15] . Internal consistency reliability for each scale score was estimated using Cronbach's alpha coefficient. Because higher levels of reliability increase statistical power, a minimum reliability of 0.70 for measures used in-group comparisons has been recommended [16] . In addition, the percentages of subjects achieving either the highest score (ceiling) or lowest score (floor) were calculated, because a large ceiling or floor effect will limit the ability of SF-36 to detect change over time.
Validity was tested using construct and criterion-based approaches. The SF-36 was constructed to represent two major dimensions of health -physical and mental. A second-order factor analysis (using principal component analysis) of the 8 SF-36 scale scores was carried out to test the assumption that there were two underlying factors in the SF-36. Two factors with eigenvalues greater than 1 were extracted and rotated to orthogonal simple structure using the varimax method. To interpret the two components, we then examined the strength of their correlations with the eight scales. In addition, the results were compared to published results from HK, US, and Japan [9, 17, 18 ]. An additional test of construct validity was conducted by comparing SF-36 scale scores to scores from the Stress Coping Inventory, which was constructed to investigate the concept of mental health. It is therefore anticipated that scales of the Stress Coping Inventory within the resources part will positively correlate with SF-36 scales related to the mental health dimension, while a reverse relationship will be found for those within the psychosomatic symptoms part. In addition, a stronger association is anticipated with the mental health dimension than with the physical health dimension in the SF-36 because the construction of the Stress Coping Inventory is more mentally oriented. Criterion-based validity was tested by comparing the elderly group with the university student one. It is anticipated that subscales of the physical health dimension (e.g. PF, RP, BP) will decline with increasing age, while those in the mental health dimension (i.e. MH, RE) will be less influenced by age.
Results
The psychometric properties of the translated version are presented in terms of data quality, reliability, and validity.
Data Quality and Descriptive Statistics
A total of 1,181 records were available for psychometric testing of the SF-36 Taiwan version. Table 1 presents scale means and standard deviations, and the percentage scoring at the ceiling and floor for the SF-36 scales. The results of the item descriptive statistics indicate that SF-36 Taiwan version have a high rate of data completeness ( Table 2) . The rates of missing values on the item level were consistently low, ranging from 0.0% (GH1) to a high of 2.7% (GH2). As would be expected for a sample that is primarily composed of healthy respondents, response distributions tended to be skewed in the direction of positive health. This is especially evidenced by the results that substantial ceiling effects were more frequently encountered in scales measuring functional limitations (e.g. PF, RP, and RE). Conversely, the percentage of respondents scoring at the lowest scale level (i.e., floor effect) was minimal in that floor effects were observed in less than 1% of the sample for all but the two role functioning scales (RP and RE).
Test of Scaling Assumptions
To evaluate scaling assumptions underlying scoring of the SF-36 scales, item variability, item-internal consistency and item discriminant validity were assessed. Table 2 summarizes the results of the item descriptive statistics and the Pearson item-scale correlations between each item and scale. All of the correlations between each item and its hypothesized scale (i.e. item-scale internal consistency) corrected for overlap exceeded 0.40, ranging from 0.40 (MH1) to 0.68 (GH5). However, these are low for the SF scale. Item-scale correlations were roughly equivalent within each scale, although correlations were slightly lower for PF10 (bathing and dressing), GH4 (expect health to get worse), RE3 (didn't do work or activities as carefully as usual), and MH1 (nervous person). Item means and standard deviations generally were roughly equivalent within a scale, with some exceptions previously noted in other studies [19] . The mean values of VT4 (tired) and MH1 (nervous person) were lower than expected, however.
Test of item discriminant validity focus on the integrity of hypothesized item groupings relative to the health concepts hypothesized. According to the IQOLA protocol [7] , an item was considered to have "succeeded" in the test of item discriminant validity if the correlation between an item and its hypothesized scale is statistically and significantly higher (i.e. > 2 standard errors) than the correlations between that item and all scales other than its hypothesized scale. All items passed the test for discriminant validity except the VT and SF subscales which had rates below 100%. Almost all the items in the VT and SF subscales overlapped with those in the MH subscale. In the vitality scale, VT4 which assessed the lack of energy had the same high correlations with the mental health scale (0.53) as its hypothesized scale. In the social functioning scale, SF2 was more highly correlated with the mental health and vitality scale (0.42 and 0.43, respectively) than its hypothesized scale.
Reliability
Internal consistency reliability statistics for the eight SF-36 scales are presented on the diagonal of Table 3 . All scales met or exceeded the 0.70 level recommended for group comparisons, with the exception of the SF scale (Cronbach's alpha = 0.57). Inter-scale correlation analysis also revealed that the scale constructs for the translated Taiwan SF-36 version were generally distinct. Most of the interscale correlation coefficients were medium to low, and higher coefficients were found between scales which represented similar constructs (e.g. vitality and mental health) than those with competing constructs (e.g. role emotional vs. physical functioning). However, the correlation between the MH and VT scales (0.69) was nearly as high as the reliability of the two scales. 
Principal Component Analysis (PCA)
The SF-36 was constructed to represent two major dimensions of health -physical and mental. To test this in the Taiwan data, two factors with eigenvalues greater than 1 were extracted, which accounted for 60% of the total variance in SF-36 scale scores. As shown in Table 4 , correlations between SF-36 scales and the two components generally were consistent with hypotheses in Taiwan. The PF, RP, and BP scales had the highest correlations with the physical component (r = 0.80, 0.80, and 0.64 respectively) and the lowest correlations with the mental component. In addition, the MH scale and SF scale had moderate associations with the mental component (r = 0.90 and 0.61, respectively) as anticipated.
However, correlations between the two components and the three other SF-36 scales were less consistent with hypotheses. The RE scale did not show as strong an association with the mental component (r = 0.54) in Taiwan as observed in Western countries. The GH and VT scales, originally hypothesized to measure both physical and mental health components, appeared to represent more a mental health concept (r = 0.56 and 0.84 respectively) than a physical one (r = 0.46 and 0.16), particularly for the Vitality scale. Cross-cultural comparisons of the principal component analysis for Taiwan, Japan, Hong Kong, and the United States are also presented in Table 4 . Consistent with results in previous studies, the pattern of correlations was similar across countries for the PF, RP, SF, and MH scales. For the BP scale, Taiwanese results appear to be similar to those from the US, but the BP scale is a little less physical. As evidenced by the correlation patterns, the GH and VT scales in Taiwan and Japan represent more of a mental concept than a physical one, which is different from US results. The RE scale represents more a mental concept than a physical one in Taiwan, as opposed to the Japanese study, but the association is not as strong as that observed in US.
Validity
Construct validity was examined by comparing SF-36 scores to the Stress Coping Inventory, which was aimed to assess a mental health construct. As expected, the results (Table 5) suggest that SF-36 score profiles correlate with those of the Stress Coping Inventory in expected ways. All subscales of the SF-36 mental health dimension except role-emotional, correlated more highly with related constructs measured by the Stress Coping Inventory than did those of the SF-36 physical health dimension. The results of the correlation analysis suggested an acceptable level of convergent validity for the SF-36 Taiwan version.
Results of criterion-based validity conformed to the original hypothesis, i.e. subscales of the physical health dimension declined with increasing age, while those in the mental health dimension were less influenced by age. As shown in Figure 1 , means of subscales in the physical health dimension (e.g. physical function and role physical) decreased with increasing age, while those in the mental health dimension (e.g. mental health or vitality) fluctuated less with age.
Discussion
One important issue in the current study is to determine whether the SF-36 measurement model can be applied in Taiwan. In general, the findings of the current study provide evidence that the concepts embodied in the SF-36 can be conveyed to the Taiwanese people and are feasible to be applied in Taiwan. Most tests of the psychometric properties of the SF-36 Taiwan version were satisfactory according to criteria set by the IQOLA project protocol, suggesting the feasibility of the translated version of the SF-36 for use in Taiwan. Data quality was high across the three study samples. The percentage of missing data ranged from less than 0% to 2.7% at an item level. These rates compare favorably with those reported in the original Medical Outcomes Study in the US [18] and other Western countries [20] . Results of the multitrait scaling analysis basically supported the hypothesized scale structure of the SF-36 in Taiwan and indicated that standard scoring algorithms could be used to score the eight SF-36 scales. The ordering of item means within scales generally were clustered within scales as hypothesized, with two exceptions involving the "felt tired" (VT4) and "felt nervous" (MH1) item. Similar results of lower mean score than expected for the VT4 item were also found in several other countries [19] . Due to the uneven distribution of subjects in terms of age range in the present study, the results of lower means in the VT4 and MH1 item should be interpreted with caution. However, psychometric testing results of the present study also indicate specific areas of the Taiwanese SF-36 in which further refinement and work will be required. Of the SF-36 eight scales, internal consistency reliability was generally acceptable for grouplevel comparisons except for the Social Functioning scale.
In the Taiwan version, the two SF items were correlated more highly with the MH scale than with their hypothesized scale. In addition, the SF scale had the lowest scaling success rate (87.5%). The suboptimal scaling performance of the SF scale has been observed and reported in a crosscultural content comparison of SF-36 translations [21] . Due to cultural differences in the concept of social functioning, these items have been reported to be difficult to translate in some other countries [19] . The finding seems to suggest cultural differences in item interpretation. The concept of social functioning may be more westernized and less clear for Taiwanese people. Deeply ingrained in the Confuscian ideology of collectivism, it is culturally unacceptable for people in Taiwan to use health problems as an excuse to avoid family or social gatherings [8] . That is, the denial of disturbance of physical and emotional health on social activities is more salient among Asians than Americans. Therefore, a specific family functioning scale may need to be added to generic health status questionnaires used in Taiwan, to acknowledge the impact of health on family life in cultures in which family life may play a more central role in people's lives, one that is distinct from the roles friends and other contacts hold [21] .
Differences in the SF-36 profile between young and old adults shows evidence of discriminant validity for the SF-36 Taiwan version. In the student sample, acceptable convergent validity was obtained by the results of the comparison of the SF-36 and the Stress Coping Inventory, in which higher correlation coefficients were obtained for scales measuring similar psychological constructs.
In many countries, the SF-36 has been shown to yield reliable scale scores measuring eight dimensions of health status, which have two underlying measures of physical and mental health [22] . In Taiwan, the results of a principal component analysis lend support to the two compo- nent models as hypothesized. However, some disparity in the pattern of correlations relative to United States was found. While primarily a physical scale, the Bodily Pain scale does not have as strong an association with the physical dimension as was found in the US. Although primarily a mental scale, the Role Emotional scale was not as purely associated with the mental component as in the US and Western Europe. However, the Role Emotional scale did have a higher loading on the mental factor than the physical factor in Taiwan. In contrast, the Role Emotional scale had a high loading on the physical factor and a low loading on the mental factor in Japan (although this finding did not hold for highly educated Japanese women) [17] . Differences in the factor structure of the Role Emotional scale between Asian and Western countries may reflect a reluctance to attribute limitations in role functioning to emotional states, particularly for the elderly who are less influenced by Western culture than the younger generation [23] .
The VT and MH scales were highly intercorrelated, however, VT and MH items did have higher correlations with their hypothesized scales than all other scales. The Vitality scale had a high correlation with the mental component and a low correlation with the physical component in both Taiwan and Japan; these results contrasted with those from US, in which Vitality had a moderate to substantial association with both the mental and physical components. In addition, the Vitality scale in Taiwan was strongly correlated with scales that are related to the construct of mental health in the Stress Coping Inventory. Therefore, the Vitality scale appears to be less valid for measuring physical health in Taiwan than in the West. Such a relationship between Vitality and the Mental Health dimension has also been seen in other studies of Chinese-Americans [8, 24] Subjects in the abovementioned samples are all familiar with the culture of traditional Chinese medicine; hence the results may reflect how people perceive their vitality status within a cultural framework. In the traditional theory of Chinese medicine, the phrase ("JingShen") associated with the presence of vitality is used to describe "mental well-being" [25] . It is therefore not surprising for Ren et al [8] to conclude that "vitality is central to the concept of a healthy mental state for Chinese."
Some limitations of the current study should be kept in mind. The reliability of the tool is not fully established in the current study, future assessment of reproducibility and responsiveness would be necessary for this. In addition, the construct validity of the results reported in this article is mainly derived from the student sample. Further research is necessary to replicate the results in different age groups to validate the SF-36 Taiwan version.
Conclusions
In conclusion, we have provided empirical data to illustrate the feasibility of translating and validating the SF-36 in an Asian country. The Taiwan version of the SF-36 Health Survey appears to be a practical and reliable instrument in the general population. The finding that the Vitality scale is strongly associated with the mental health component is interpreted in a cultural framework. Previous studies have also found this pattern and raise important questions regarding cultural influences upon illness attribution and perception. Further research into conceptualization of the Vitality and/or Role Emotional scale among Asian countries within a cultural framework is warranted.
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